This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly forbidden.
The publisher does not give any warranty express or implied or make any representation that the contents will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or arising out of the use of this material. It was 50 years ago that the first ''artificial cells'' were prepared [1, 2] . This was not an attempt to reproduce biological cells, but to use available basic knowledge to prepare simple systems for possible uses in medicine and other areas. The 1957 emulsion method for forming ultrathin polymeric membrane artificial cells containing hemoglobin and red blood cell enzymes ( Figure 1 ) has become the basis for the preparation of other types of microscopic and nano-dimension artificial cells. Extensions of the original 1957 drop procedure for forming larger artificial cells (Figure 1 ) have become the basis for preparing artificial cells to contain islet, hepatocytes, genetic engineered cells, stem cells and other types of cells. There have been increasing and recently explosive interest and research activities around the world on artificial cells, especially in fields related to biotechnology, nanomedicine, nanoscience, bioencapsulation, cell therapy, blood substitutes, advance drug delivery systems, and even nanoscale robotics and others (Table 1) . However, instead of the term ''artificial cells,'' many use other terminologies, such as liposomes, nanoparticles, microcapsules, blood substitutes, bioencapsulation, and so on. [1, 5] ). Upper: drop method for preparing large artificial cells. Principle later extended for use in bioencapsulation of cells, stem cells, genetic engineered cells. Lower: emulsion phase separation method for preparing microscopic artificial cells (unlike above, ''collodion'' prepared by removing most of alcohol and replaced with ether). Principle extended to preparation of microscopic artificial cells and drug delivery systems and nano-dimension artificial cells (figure from [5] with copyright permission).
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As a result, any meaningful literature search for a complete idea of the present status of the whole field of artificial cells is impossible. Furthermore, the fact that papers in this highly interdisciplinary area are published in numerous journals specializing in chemistry, medicine, surgery, bioengineering, nanoscience and others makes a literature search even more difficult. Books in this area are mostly multi-authored, describing very specific and narrow areas. Thus for the 50th anniversary of artificial cells the author has just prepared a monograph on ARTIFICIAL CELLS: Biotechnology, Nanomedicine, Regenerative Medicine, Blood Substitutes and Cell=Stem Cell Therapy [5] . This is now such a large area that it needed more than 1000 references just to summarize the present status and future perspectives of artificial cells.
BASIC FEATURES OF ARTIFICIAL CELLS
The initial research on artificial cell forms the basic principle of artificial cells that has been extended for use in many areas by many groups. Indeed, as stated in the first monograph on Artificial Cells [3] : ''Artificial Cell is not a specific physical entity. It is an idea involving the preparation of artificial structures of cellular dimensions for possible replacement or supplement of deficient cell functions. It is clear that different approaches can be used to demonstrate this idea.'' 
Basic Features of Early Artificial Cells
Earlier artificial cells have some of the simpler properties of biological cells ( Figure 2 ). The following are some examples of the basic features:
(1) Membrane of artificial cell separates its content from the outside. At the same time, membrane can be prepared to selectively allow different types of molecules to cross. This ranges from membrane that does not allow any molecules to cross to those that allow even very large molecules like proteins to cross. In between this range, one can prepare artificial cell membranes that restrict the movement of molecules according to molecular size, lipid solubility, affinity to carrier mechanisms, etc. (2) The artificial cell membranes can be very thin and yet strong. There is as well a large surface area. Thus, 10 ml of 20 mm diameter artificial cells has a total surface area of 2,500 cm 2 . This is the same as the total membrane surface area of an artificial kidney machine. In addition, the artificial cell membrane is 100 times thinner than that of the artificial kidney membrane. This means that smaller molecules can move across 10 ml of 20 mm diameter artificial cells 100 times faster than that across the artificial kidney machine. The microscopic size of artificial cells also allows material to diffuse rapidly inside the artificial cells. (3) Artificial cells can contain the same biological material as biological cells. In addition, they are more versatile since adsorbents, magnetic materials, cells, drugs and other material can also be included separately or in combination ( Figure 2 ).
Present Status of the Basic Features of Artificial Cells of Macro, Micron, Nano and Molecular Dimensions
The general principle of artificial cells can form the basis of a large number of artificial systems ( Figure 2 ). In addition to being of cellular dimensions in the micron range, they can also be in the macro range, in the nano range or in the molecular range. Furthermore, the membrane material includes polymer, biodegradable polymer, lipid, crosslinked protein, lipid-polymer complex, lipid-protein complex and membrane with transport carriers. The artificial cells can contain an unlimited variety of material individually or in combinations ( Figure 2 ). These include cells, stem cells, enzymes, multienzyme systems, hemoglobin, magnetic materials, microorganism, vaccines, gene for gene therapy, genetically engineered cells, adsorbents, drugs, hormones, peptides, proteins and others. [4, 5] . Table 2 shows examples of the milestone of the first report of original ideas in artificial cells. This is not a complete listing and more details requiring more than 1000 references have been given elsewhere [5] .
Historical Milestone

FUTURE PERSPECTIVES
In the last 50 years, there has been extension and development of the idea of artificial cells around the world. However, we have barely touched the surface of the potential of this idea. Many other extensions and variations in the membrane material, the configurations and the contents are possible. Each major progress in other areas has led to stepwise progress in artificial cells. First there is the coming of age of polymer chemistry and biomaterial. Then there is the recognition of the importance and developments in biotechnology. Then there is the present ongoing progress in molecular biology and genomics that will contribute to a quantum leap in the area of artificial cells. One can expect that there will be important future progress in other areas that will contribute to unlimited progress in the area of artificial cells.
The following prediction in my 1972 monograph on Artificial Cells is already out of date: ''Artificial Cell is not a specific physical entity. It is an idea involving the preparation of artificial structures of cellular dimensions for possible replacement or supplement of deficient cell functions. It is clear that different approaches can be used to demonstrate this idea.'' In the last 50 years [1] , artificial cells have progressed way beyond this 550 T. M. Swi Chang There is a tendency for new development and extension of ''artificial cells'' to be hidden under numerous new names. Some of these include nanoparticles, nanotubule, lipid vesicles, liposomes, polymer tethered lipid, polymersome, microcapsules, bioencapsulation, nanocapules, nanosensor, macroenapsulation, polyhemoglobgin, conjugated hemoglobin, etc. The result is a fragmentation of the field of artificial cells into different subdivisions, subdisciplines and societies that do not interact with one another. This is at a time when this very interdisciplinary field needs researchers from different areas coming together to move the field forward. One waits for the time when the many arbitrary subdivisions of ''artificial cells'' under the guise of different names can come together! When this takes place, the result of the pooling of talents, specialized know-how in this very interdisciplinary and international area will lead to progress beyond anyone's imagination.
